SUMMARY To evaluate the mechanism of the abnormal motion of the interventricular septum (IVS) seen echocardiographically in some patients with relatively delayed ventricular activation, we simultaneously recorded high-fidelity left and right ventricular pressures and electrograms and echocardiograms of the IVS in nine open-chest dogs. During sinus rhythm and during left IVS pacing, the IVS was activated from left to right, preejection left ventricular pressure exceeded right ventricular pressure, and IVS motion was normal. During right ventricular pacing from the outflow tract, apex, free wall or right IVS, the IVS was activated from right to left, right ventricular pressure increased before left ventricular pressure and simultaneously there was an abrupt posterior IVS motion. Simultaneous pacing from the right IVS and left ventricular free wall activated the IVS from right to left and produced a normal transseptal preejection pressure gradient and normal IVS motion. Simultaneous pacing from the left IVS and right ventricular free wall activated the IVS from left to right, and produced abrupt preejection posterior IVS motion coincident with an altered transseptal pressure gradient. During right ventricular pacing, IVS motion after the abrupt preejection posterior movement was variable. Anterior motion was associated with a greater asynchrony of right and left ventricular contraction than was normal posterior motion.
SUMMARY To evaluate the mechanism of the abnormal motion of the interventricular septum (IVS) seen echocardiographically in some patients with relatively delayed ventricular activation, we simultaneously recorded high-fidelity left and right ventricular pressures and electrograms and echocardiograms of the IVS in nine open-chest dogs. During sinus rhythm and during left IVS pacing, the IVS was activated from left to right, preejection left ventricular pressure exceeded right ventricular pressure, and IVS motion was normal. During right ventricular pacing from the outflow tract, apex, free wall or right IVS, the IVS was activated from right to left, right ventricular pressure increased before left ventricular pressure and simultaneously there was an abrupt posterior IVS motion. Simultaneous pacing from the right IVS and left ventricular free wall activated the IVS from right to left and produced a normal transseptal preejection pressure gradient and normal IVS motion. Simultaneous pacing from the left IVS and right ventricular free wall activated the IVS from left to right, and produced abrupt preejection posterior IVS motion coincident with an altered transseptal pressure gradient. During right ventricular pacing, IVS motion after the abrupt preejection posterior movement was variable. Anterior motion was associated with a greater asynchrony of right and left ventricular contraction than was normal posterior motion.
We conclude that abrupt preejection posterior IVS motion seen with delayed left ventricular activation from right ventricular pacing is due to passive IVS displacement from an altered transseptal pressure gradient, and subsequent IVS motion depends on the degree of asynchrony between right and left ventricular contraction.
ABNORMAL interventricular septal motion is seen echocardiographically in some patients with relatively delayed left ventricular activation caused by left bundle branch block,'-" right ventricular pacing,9'"e' or type B Wolff-Parkinson-White syndrome.8!" This interventricular septal motion is characterized by an abrupt posterior motion, or beaking, of the interventricular septum during the left ventricular preejection period. During subsequent left ventricular ejection, the septum may move in the normal posterior direction, display little or no movement, or move anteriorly."' The abnormal interventricular septal motion is related to the delayed left ventricular activation because it occurs only during periods of abnormal conduction in patients with intermittent right ventricular pacing,6 left bundle branch block,8 or type B Wolff-Parkinson-White conduction.9 Several explanations of the preejection septal beaking have been proposed.'2 These include early activation of the interventricular septum, with septal contraction unopposed by the rest of the left ventricle;2' 3, 11 reversal of the normal direction of septal activation so that it occurs from right to left;' and contraction of the right ventricle before the left, transiently altering the normal transseptal pressure gradient during the preejec-tion period and passively shifting the interventricular septum toward the left ventricle.36' , 8 This study was undertaken to investigate these potential mechanisms for abnormal interventricular septal motion in delayed left ventricular activation produced by pacing the right ventricle in dogs.
Methods
Nine dogs were anesthetized with pentobarbital, 30 mg/kg, and ventilated through a cuffed endotracheal tube. The heart was exposed by median sternotomy and the pericardium was incised. Pacing electrodes were sutured onto the epicardium over the right ventricular outflow tract, the right ventricular free wall, the right ventricular apex and the left ventricular lateral free wall. Equisensitive micromanometertipped catheters with fluid-filled lumens (Millar model PC-470) were placed in the right ventricle through the left internal jugular vein and left ventricle through the right carotid artery. The zero pressure level for the fluid-filled lumens was the midchest level. The micromanometer zeros were adjusted to superimpose the micromanometer and fluid-filled catheter pressure wave forms. The difference between right and left ventricular pressures was determined electronically. To record bipolar septal electrograms and pace the interventricular septum, electrodes were placed 2-5 mm apart in the endocardium of both the right and left side of the interventricular septum in the area to be echocardiographically visualized, approximately midway between the atrioventricular ring and the apex. After the experiment, the position of the catheters and electrodes was determined by direct inspection.
An M-mode echocardiogram with a sampling rate recorder at a paper speed of 100 mm/sec. Immediately before the experiment, physostigmine was infused to achieve a heart rate of less than 100 beats/min. The heart was sequentially paced from the right ventricular outflow tract, right ventricular apex, right ventricular free wall, left ventricular free wall, left side of the interventricular septum, right side of the interventricular septum, simultaneously from the right side of the interventricular septum and left ventricular free wall, and simultaneously from the left side of the interventricular septum and the right ventricular free wall. After pacing from each site, the heart was allowed to return to sinus rhythm before pacing from the next site was initiated. Recordings were considered adequate only if the echocardiogram during sinus rhythm immediately before and after pacing verified no change in transducer position.
The following measurements were made from the final paced beat from each pacing site and from the following sinus beat: the time from the first septal electrogram to the onset of septal motion, the time from peak right ventricular systolic pressure to peak left ventricular systolic pressure, and the time from the return of right ventricular pressure to its enddiastolic level to the return of left ventricular pressure to its end-diastolic level. During right ventricular pacing, the motion of the interventricular septum after the preejection break at each site was classified as paradoxical if it moved anterior to its end-diastolic position during left ventricular ejection and normal if it moved posterior to this position ( fig. 1) .
Observations during paced beats were compared with those during the next sinus beat by paired t test. The observations during paced beats that produced paradoxical septal motion during left ventricular ejection were compared by unpaired t test with paced beats that produced normal septal motion. The level of significance was taken to be p < 0.05. All results are expressed as mean ± SD. Systolic interventricular septal motion after the septal beak was anterior or paradoxical in four of nine dogs during pacing from the right ventricular outflow tract, six of nine dogs during pacing from the right ventricular free wall and two of the nine dogs during pacing from the right ventricular apex. In the other instances from these sites, the interventricular septal motion was normal after the preejection septal beaking. Comparison of the paced beats with paradoxical septal motion after the break with those with normal septal motion during ejection showed that the paradoxical motion was associated with a greater relative delay in left ventricular pressure reaching its peak and returning to its end-diastolic level ( fig. 1, table 1 ).
Discussion
The preejection period septal beaking we observed was not due to early activation and unopposed contraction of the interventricular septum, as others have suggested.2' 8 The interval from the first evidence of electrical activation of the septum until first movement was significantly shorter during pacing than dur- ing sinus rhythm, and the onset of the septal beaking preceded echocardiographic septal thickening. These observations suggest that the onset of the abrupt posterior movement of the interventricular septum occurred before septal contraction. Pacing from the left side of the interventricular septum, which activated the septum before the left ventricular free wall, did not produce abnormal interventricular septal motion.
Our observations do not support the suggestion that abnormal preejection septal motion results from a reversal of the normal left-to-right sequence of septal activation.' When the right side of the interventricular septum and the left ventricular free wall were paced simultaneously, the septum depolarized from right to left, but the transseptal pressure gradient and the septal motion were normal. In contrast, simultaneous stimulation of the left side of the interventricular septum and the right ventricular free wall, which activated the septum from left to right but also altered The subsequent systolic motion of the interventricular septum after the preejection posterior beaking is variable in patients with delayed left ventricular activation.1 12 Our observations suggest that the septal motion after the break depends on the degree of asynchrony of the left and right ventricular mechanical contractions. Paced beats with paradoxical systolic anterior interventricular septal motion after the posterior beak had significantly more disparity in the timing of the right and left ventricular pressure contours than did beats with normal septal motion 
